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(54) Dual mode class D amplifier 

(57) Pulse width modulated (« Class D ») amplifiers 
and controllers switching in the 50khz to 2 MHz range 
generate harmonics which interfere with AM radio re- 
ception. This has precluded wide spread acceptance of 
class D amplifiers in products with an AM radio. The am- 
plifiers described here use a modified modulation tech- 
nique when operating with an AM radio to avoid gener- 
ating harmonics at the receiver selected frequency or 
its intermediate (IF) frequency. One embodiment 
switches the mode of operation to a class AB amplifier 
when an AM signal is amplified. 

The AM/FM switch 10 sets the mode of operation. 



The AM mode detector block, 1 , generates a logic signal 
depending on the switch. If AM-compatibility mode is en- 
gaged, then the amplifier operates as a class AB ampli- 
fier. The AM bgic signal is applied to the two transmis- 
sion gates, 4, so that the class AB amplifier is connected 
directly to the gates of the MOSFETS. Meanwhile, the 
inverted AM signal tri-states both gate drivers. Sensing 
the voltage drop across the two resistors, Rel and Fte2, 
provides current limit protection. When AM-compatibility 
mode is not engaged, the amplifier operates as a class 
D amplifier. The two transmission gates are open dis- 
connecting the class AB from the gates. The inverted 
AM signal enables both gate drivers. 



CM 

< 

CD 
CD 
lO 

*t 
O 




FIG. 3 



Q- 
LU 



1 



EP 1 014 566 A2 



2 



Description 

[0001 ] This invention relates to class D amplifiers and 
in particular to class D amplifiers that have one or modes 
of operation for avoiding AM radio harmonic frequencies 
during operation. 

[0002] Class D power amplifiers are typically pulse- 
width modulated amplifiers that switch at frequencies 
well above the top of the audio band, often at frequen- 
cies of 100 kHz or greater. When a class D amplifier 
switches at these high frequencies, the switching fre- 
quency or its harmonics can interfere with AM radio re- 
ceivers that are located close to the class D amplifier. 
Because of these interference problems, class D ampli- 
fiers cannot be easily integrated into consumer electron- 
ic products, such as stereo receivers, that have an AM 
tuner and power amplifier in the same chassis. Class D 
modulators switching in the SOkhz to 2 MHz range gen- 
erate harmonics which interfere with AM radio recep- 
tion. This has precluded wide spread acceptance of 
class D in products with an AM radio. 
[0003] The AM radio broadcast band spans from 540 
to 1700 kHz in the US and up to 30 MHz worldwide. To 
sample a 20khz audio signal, class D modulators must 
run at frequencies greater than 200khz. Because the 
output of these modulators is a pulse width modulated 
square wave, the modulators generate both even and 
odd harmonics. The low pass filter that removes the car- 
rier from the speaker leads also attenuates these har- 
monics. However, it is not practical to design a filter with 
adequate high frequency attenuation and still pass 
20kHz audio signals without interfering with the sensi- 
tive AM receiver bandpass. Furthermore, the printed cir- 
cuit board traces with the pulse width modulated square 
wave radiate. This radiation can be picked up directly 
by the AM antenna. 

[0004] In theory the problem can be solved by ensur- 
ing the clock frequency of the class D modulator is much 
higher than the AM broadcast band. This however can- 
not be practically implemented for several reasons: 1) 
With a 2 MHz carrier the FETs must be switched by high 
current gate drivers. At the duty cycle extremes, the very 
short on and off times are not possible to achieve even 
with high gate drive. Thus, the theoretical power is lim- 
ited. 2) The fast switching times will make it nearly im- 
possible to achieve EMC compliance above 30 Mhz. 3) 
Unless all the clocks are synchronized in stereo and five 
channel applications, IMD products will be generated 
that will interfere with the AM band. 4) The body diodes 
of the MOSFETS with their long recovery time, cannot 
be used at this high frequency Thus, a Shottky commu- 
tating diode is required. At bus voltages greater than 48 
VDC 5 the forward drop of this diode may be higher than 
that of the body diode, and the body diode will have to 
be blocked with a drain diode. 5) The AM band in Europe 
extends to 30 Mhz. 

[0005] The present invention includes a class D am- 
plifier characterized in that an integrator having a plu- 



rality of inputs including an audio input, an audio feed- 
back input, and a digital feedback input, a comparator 
for receiving the output of the integrator and generating 
a series of pulses, each pulse corresponding to one of 
5 two states of the comparator and having a width propor- 
tional to the slope of the output of the integrator, a driver 
circuit for receiving the pulse output of the comparator 
and generating gate drive signals proportional in dura- 
tion to the width of the pulses, a bridge circuit comprising 
io two or more MOSFETS, each MOSFET having its gate 
coupled to one of the gate drive signals, a low pass filter 
coupled to the output of the bridge for converting the 
bridge output into a power signal representative of the 
audio input signal, and means coupled to the compare- 
rs tor for eliminating harmonics of an input AM signal from 
the output. 

[0006] The invention also includes a method for 
avoiding AM radio interference in a class D amplifier 
characterized by converting an AM signal into a dc sig- 
20 nal with a magnitude proportional to the f requency of the 
AM signal; 

comparing the dc signal to one or more reference 
signals to generate comparator signals represent- 

2S ative of whether the dc signal is greater than or less 
than the reference signals; 
combining the results of the comparator signals to 
generate a frequency divisor number; 
dividing the frequency of the AM signal by the fre- 

30 quency divisor signal to generate an oscillator sig- 
nal for the class D amplifier, in which preferably the 
AM signal is a local oscillator signal. 

[0007] The invention provides circuits and methods 

35 for solving the problem of class D amplifier interference 
with the AM radio band. In its broader aspects the in- 
vention provides one or more reference standards for 
frequency. The AM radio's local oscillator signal, or the 
switching amplifier signal, or both, are compared to the 

40 standards. Suitable circuitry then modifies the switching 
amplifier signal to keep the switching amplifier signal far 
enough away from the tuned AM radio station and the 
local oscillator and thereby avoid the problem of inter- 
ference. The invention provides means for monitoring 

45 the local oscillator and the switching signal and selecting 
a switching oscillator signal that has a frequency which 
is neither a harmonic of the local oscillator nor the tuned 
AM radio station. The invention either generates the 
switching signal from the local oscillator or selects an- 

50 other oscillator with a frequency that is not a harmonic 
of the local oscillator or tuned AM radio station. 
[0008] The class D amplifier controlled by the divided 
local oscillator signal in each of these embodiments may 
be any suitable amplifier, including a self oscillating 

55 pulse width modulator with an integrator with feedback 
from the output of the amplifier and a comparator cou- 
pled to the output of the integrator. The output of the 
modulator is coupled to a bridge gate driver that controls 
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the power to a MOSFET bridge circuit. The bridge circuit 
is connected between high and low voltage power 
busses and has at least two MOSFETs connected in se- 
ries with each other. The class D amplifier under discus- 
sion must have a provision for external control of its 
switching frequency. 

[0009] The local oscillator signal is present in all AM 
radios and is at a frequency of 450 or 455 kHz above 
the tuned radio station in radios designed to receive the 
US broadcast band. The local oscillator may be found 
at different offsets from the tuned station in other na- 
tions, but a circuit can be designed as long as the offset 
is known. The local oscillator can take any periodic form 
depending on the design of the tuner. Often the local 
oscillator is a sine wave created by a phase-locked loop 
circuit. 

[0010] Those skilled in the art understand that the 
control concept described in the analog comparator em- 
bodiment can be implemented by using any of a very 
large number of physical products, including, but not lim- 
ited to ; digital devices such as Complex Programmable 
Logic Devices (CPLDs), Field Programmable Gate Ar- 
rays (FPGAs), microcontrollers, semi-custom or custom 
Application Specific Integrated Circuits (ASICs), and 
74xxxx scries integrated circuit logic gates. A large 
number of different analog devices, including resistors, 
capacitors, inductors, transistors, and field-effect tran- 
sistors (FETs) may be combined in different ways to im- 
plement the analog portion of the algorithm presented 
here. Future technological advances may produce other 
physical devices capable of implementing the algorithm. 
Regardless of the products used for implementation of 
this algorithm, any implementation of the algorithm is 
covered in this patent. 

[0011] ftnr nmhrnlimflPt pf the invention uses analog 
comparators and a digital counter. That embodiment 
takes a local oscillator signal from the AM tuner and us- 
es it to intelligently determine a fixed operating frequen- 
cy for a class D amplifier. The local oscillator is divided 
by an integer number N where 2<N<7 for the US AM 
broadcast band and the particular class D amplifier for 
which the system was devised. N varies between three 
and six inclusive throughout the range of local oscillator 
frequencies used in an AM tuner. N for any particular 
local oscillator frequency is chosen so that the frequen- 
cy and its harmonics resulting from dividing the local os- 
cillator frequency by N are as far as possible from the 
tuned radio station corresponding to the frequency of 
the local oscillator. 

[001 2] The analog comparator embodiment provides 
a method for determining the appropriate value of N 
based on a pre-determined algorithm. The method is 
comprised of a set of analog voltage comparators that 
control a digital divide-by-N circuit. The divide-by-N cir- 
cuit divides the frequency of the AM local oscillator pulse 
train by the appropriate value of N. 
[001 3] Anot her embodiment of t he invention relies up- 
on a square wave input oscillator signal and a digital 



circuit for dividing the square wave to a non-interfering 
frequency. That embodiment takes a local oscillator sig- 
nal from the AM tuner and uses it to intelligently deter- 
mine a fixed operating frequency for a class D amplifier. 
s The local oscillator is divided by an integer number N 
where 2<N<7 for the US AM broadcast band in the par- 
ticular application of this control method presented here. 
N will vary from three to six throughout the range of local 
oscillator frequencies used in an AM tuner. N is chosen 
io so that the frequency and its harmonics resulting from 
dividing the local oscillator frequency by N are as far as 
possible from the tuned radio station corresponding to 
the frequency of the local oscillator. Keeping the switch- 
ing harmonics and fundamental away from the tuned ra- 
is dio station's frequency and the local oscillator prevents 
electromagnetic interference. 

joni4]__ Tho-digitaLcQmparator embodiment providi ng 
aj nethod for_dete rminiog the a ppro priate value of N is 
des cribed in th [s^docuQ}eiit,_Jhe method is essentially 
20 acfigital window comparator comprised of a counter and 
a latch that serves as an input to three digital magnitude 
comparators. The magnitude comparators instruct a di- 
vide-by-N circuit on the proper value of N by which to 
divide the local oscillator. 
25 [0015] The class D amplifier under discussion must 
have a provision for external control of its switching fre- 
quency. Such an amplifier with an external input would 
be controlled by the algorithm described in this patent. 
[001 6] A third embodiment is a two loop digital com- 
30 pa rator^circuii ^Lt takes a local oscillator signal from the 
AM tuner and uses it to intelligently determine a fixed 
operating frequency for a class D amplifier. The local 
oscillator is divided by an integer number N where, for 
the particular amplifier used, 2<N<7 for the US AM 
35 broadcast band. N varies throughout the range of local 
oscillator frequencies used in an AM tuner, N is chosen 
so that the frequency and its harmonics resulting from 
dividing the local oscillator frequency by N are as far as 
possible from the tuned radio station corresponding to 
40 the frequency of the local oscillator. 

[0017] An algorithm for determining the appropriate 
value of N is described in this document The algorithm 
is essentially a pair of frequency comparators that com- 
pare the local oscillator frequency with both a maximum 
45 frequency and a previously detected frequency. The fre- 
quency comparators instruct a divide-by-N circuit on the 
proper value of N by which to divide the local oscillator. 
[0018] A fourth embodiment relies upon selectin g one 
of a plurality of clocks or oscill ators based up on a corn- 
so parison ot the local oscillator to the switching frequency 
of the class D amplifier. It provides a circuit and a method 
that prevents electromagnetic interference from class D 
amplifiers from interfering with AM radios located in the 
same chassis as the class D amplifiers. The method can 
55 be used in a variety of consumer electronic audio prod- 
ucts such as AM/FM stereo receivers, portable "boom 
boxes," and personal stereos such as the Sony Walk- 
man. An electronic controller has been developed that 
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controls the switching frequency of a class D amplifier 
to prevent its switching fundamental and harmonics 
from interfering with the in-chassis AM radio. 
[0019] This invention will now be described, by way 
of example, with reference to the accompanying draw- 
ings, in which: 

Figure 1 is a schematic of a typical prior art class D 
amplifier; 

Figure 2 is a schematic diagram of a dual mode har- 
monic avoidance class D amplifier; 
Figure 3 is a schematic diagram of a dual mode 
combined class D/AB amplifier; 
Figure 4 is a block diagram of a method for using 
the AM local oscillator as a clock source for a class 
D amplifier; 

Figure 5 is a block diagram of a method for using 
the AM local oscillator as a clock source for a class 
D amplifier; 

Figure 6 is a block diagram of an algorithm for di- 
viding the AM local oscillator down to a frequency 
usable by a suitable class D amplifier; 
Figure 7 is a block diagram of a method for using 
the AM local oscillator as a reference for making in- 
telligent control decisions about the switching fre- 
quency of a class D amplifier that does not interfere 
with a nearby AM radio. 

[0020] Advances in MOSFET technology as well as 
advances in integrated circuits have made it possible to 
apply class D amplifiers to audio applications. Class D 
amplifiers are significantly more efficient than class AB 
amplifiers. In the past, disadvantages of class D ampli- 
fiers included higher parts count, cost, electromagnetic 
interference, and poor performance. With increased in- 
tegration and the introduction of sophisticated control 
integrated circuits these disadvantages are becoming 
less pronounced. In the near future, class D amplifiers 
will replace class AB amplifiers in many applications. 
Class D amplifiers already have a clear advantage in 
high power applications. As the cost and component 
count of these amplifiers fall, class D amplifiers will be 
able to complete with class AB amplifiers in low and me- 
dium power applications. 

[0021] To overcome the poor performance of class D 
amplifiers, others have suggested a self oscillating var- 
iable frequency modulator as shown in Figure 1 An in- 
tegrator 1 0 has an audio input over an input resistor R, N . 
It has a digital feedback input A over resistor RqfB' and 
an analog feedback at input B over resistor Rafb- The 
respective analog and digital feedback signals A, B, are 
taken from the output of the bridge circuit 20 and the 
low-pass filter that comprises the inductor L and capac- 
itor C LP . For purposes of understanding, let us simply 
focus on the digital output A and assume that there is 
no audio input. In this case, the output at point A is a 
square wave with a 50% duty cycle. When the square 
wave is high, current flows through R DFB into the sum- 



ming junction of the integrator 1 0. Its output ramps down 
until it reaches the negative threshold of the comparator 
12. R1 and R2 are used to add hysteresis to the com- 
parator 12. These resistors can be used to adjust the 

s comparator positive and negative thresholds. When the 
output of the comparator 1 2 goes low, the upper FET 22 
turns off and after a short delay the lower FET 24 turns 
on. The square wave goes low, and current now flows 
out of the integrator 10 summing junction through R DF b- 

10 The output of the integrator 1 0 reverses and ramps up 
until it reaches the positive threshold of the comparator 
12. This signals the lower FET 24 to turn off and after a 
short delay the upper FET 22 turns on. The square wave 
goes high and the cycle continues. With no audio signal, 

is the output at A is a 50% square wave, and the output of 
the integrator 10 is a triangle wave. 
[0022] Now consider the case when an audio signal 
is applied. Assuming that the audio signal is positive, 
then current flows through R, N into the integrator sum- 

20 ming junction. Current also flows through R AFB out of 
the summing junction (negative feedback). The net con- 
tribution of the audio signal to the integrator summing 
junction current is l RIN - I RA fs. When the upper FET 22 
is on, the currents l DFB and (l RIN - Ira F b) are botn into 

25 the summing junction. This speeds up the ramp at the 
output of the integrator 10. When the tower FET 24 is 
on, the current through l DFB reverses and the two cur- 
rent now are in opposite directions. This slows the ramp 
down. A similar analysis can be applied to the case 

30 where the input signal is negative. 

[0023] Since the hysteresis built into the comparator 
12 is constant, the slope of the positive and negative 
ramps directly affects the positive and negative pulse 
widths, and therefore the duty cycle and frequency of 

3S the comparator output. At the higher positive audio input 
voltages, the audio output becomes negative and the 
on time of the high side switch becomes negligible com- 
pared to the on time period of the low side switch. The 
width of the low side pulse is roughly proportional to the 

40 output voltage and primarily sets the loop frequency. 
[0024] Sonic performance is very important in audio 
amplifiers. Audio class D amplifiers must have low THD, 
low noise, and a flat frequency response. These per- 
formance specifications conflict with the requirement 

45 that the amplifier must not interfere with AM radio. The 
solution is dual mode operation. When in an AM-com- 
patibility mode, the amplifier must not interfere with AM 
radio reception. Since AM radio is band limited to 5khz 
and the background noise is high, a slight degradation 

50 in performance is acceptable in most cases. Otherwise, 
the design goal is to optimize the sound for maximum 
fidelity. 

[0025] Figure 2 shows one solution that includes a 
harmonic avoidance amplifier. The local oscillator signal 
55 for an AM receiver is 450 KHz above the selected re- 
ceive frequency. This signal provides the information 
necessary for the harmonic avoidance circuit to know 
what frequency to avoid. It also provides a frequency 
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standard to which to synchronize multiple amplifiers to 
prevent intermodulation of individual amplifier clocks 
that could produce interference at the selected frequen- 
cy. 

[0026] This amplifier solves the AM interference issue 
by preventing co-location of clock harmonics with the 
receiver-selected frequency. FM interference can be 
solved with appropriate filtering, shielding, and soft 
switching techniques. This technique allows full power 
operation for both AM and FM receptions with only a 
minor degradation of audio performance in AM recep- 
tion associated with the fixed frequency modulator in AM 
compatibility mode. The concept of dual mode operation 
is not limited to this specific example. Dual mode oper- 
ation can involve other techniques which control the har- 
monics generated by the switching amplifier or other 
amplification technology when receiving AM signals. 
AM interference is the primary concern. Otherwise, au- 
dio fidelity is the primary design goal. 
[0027] JBiqure 3 shows one possible solution for a dual 
iiijdu dinplifier. When in AM mode, the two MOSFETS 
arc controlled as a class AB amplifier. Otherwise, the 
rimpl tic operates as a class D amplifier. 
[0028] The AM /FM switch 10 sets the mode of oper- 
ation The AM mode detector block, 1 , generates a logic 
signal depending on the switch. If AM-compatibility 
mode is engaged, then the amplifier operates as a class 
AB amplifier. The AM logic signal is applied to the two 
transmission gates, 4, so that the class AB amplifier is 
connected directly to the gates of the MOSFETS. Mean- 
while, the inverted AM signal tri-states both gate drivers. 
Sensing the voltage drop across the two resistors, Re1 
and Re2, provides current limit protection. When AM- 
compatibility mode is not engaged, the amplifier oper- 
ates as a class D amplifier. The two transmission gates 
are open disconnecting the class AB from the gates. The 
inverted AM signal enables both gate drivers. 
[0029] This amplifier solves the AM interference issue 
by operating as a class AB amplifier while in AM<x>m- 
patibility mode. FM interference can be solved with ap- 
propriate filtering, shielding, and soft switching tech- 
niques. While the peak power is the same for both 
modes of operation, AM mode is limited by the poor ef- 
ficiency of class AB amplifiers. 
[0030] The concept of dual mode operation is not lim- 
ited to the specific example. In theory it can be extended 
to cover class A and class B linear amplifiers. Further- 
more, dual mode operation can involve other techniques 
that control the harmonics generated by the switching 
amplifier itself. This would allow the amplifier to switch 
between two high efficiency modes. In AM mode, AM 
interference is the primary concern. Otherwise, audio fi- 
delity is the primary design goal. 
[ 00311 A method for u sin g the AM localasc illatoxlLQ) 
as a clock s ource for a class D amphf iejls^g i^ 
jre^^jhej^al oscillator signal 100 is fed through a 
filter 110 that may be either an active or passive circuit. 
As long as the time constant for the filter is long enough, 



variations in the input local oscillator frequency will re- 
sult in a nearly-DC, very slowly changing output voltage 
150 from the filter. The magnitude of the output voltage 
varies with the frequency of the input AM local oscillator 

5 voltage: the higher the input frequency, the higher the 
output voltage and vice versa. The output voltage is fed 
to three analog hysteresis voltage comparator circuits 
160,161,162. The hysteresis characteristic keeps the 
comparators from rapidly changing state and thus sta- 

io bilizes the comparator outputs. Each comparator has a 
different reference voltage 120, 130, or 135 as its com- 
parison point. The reference voltages are found using a 
predetermined algorithm that determines the optimal 
points within the AM band at which to switch from one 

is value of N to another. The optimal points are based on 
the resultant switching frequency's proximity to the 
tuned radio station, the maximum desired switching fre- 
quencies (due to efficiency considerations), the mini- 
mum desired switching frequencies (based on audio fre- 

20 quency filtering considerations), and the frequency of 
the local oscillator (450 or 455 kHz). Those skilled in the 
art understand that the range of frequencies covered by 
the comparators and the algorithm varies with the range 
of the input AM frequencies and the frequency of the 

25 local oscillator. 

[0032] Combinational logic 180 considers the states 
of the three analog comparators and generates a three- 
bit value for N 1 90. N is a three bit binary input toa digital 
divide-by-N circuit. Those skilled in the art understand 

30 that the combinational logic block 180 can be designed 
with many different logic devices including AND, NAND, 
OR, and NOR gates. A divide-by-N circuit 200 divides 
the frequency of LO input 100 by N 190. The divided- 
down LO210 is the resultant output. Those skilled in the 

35 art understand that the divide-by-N circuit can be creat- 
ed in many different ways, including using integrated cir- 
cuit divide-by-N logic devices, other off-the-shelf logic 
products, or gate-level designs. The divided-down LO 
210 is a fixed frequency square wave dependent upon 

40 the frequency of the LO 1 00. The divided-down LO 21 0 ' 
is used to control the frequency of an attached class D 
amplifier. 

[0033] Here is an example of how the circuit and 
method works to provide a class D oscillator signal that 

45 does not interfere with an input AM signal. Assume the 
AM oscillator is at a frequency of 1200 kHz, The filter 
110 is a passive circuit comprising a capacitor and re- 
sistors. It converts the 1200 kHz signal in to a 4 volt dc 
signal. The reference voltage signals are 6 volts for ref- 

so erence A, 3 volts for reference B, and 1 volt for reference 
C. The comparators 160,161,162 are hysteresis com- 
parators, They output a binary signal of "1 0 when input 
signal is greater than the reference signal or "0° when 
the input signal is less than the reference signal. Here 

55 the outputs are, respectively, 0,1 ,1 . The logic circuit 180 
converts the binary output signals into a binary number 
for dividing the input frequency. A truth table of the pos- 
sible binary output signals looks as follows: 
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A 


B 


c 


N (decimal) 


0 


0 


0 


0 


0 


! o 


1 


1 


I 0 


1 


0 


2 ! 


0 


1 


1 


3 


1 


0 


0 


4 


1 


0 


1 


5 


1 


1 


0 


6 


1 


1 


1 


7 



[0034] The combinational logic, as just described, 
converts the results of the comparator signals into a dec- 
imal number. Suitable logic provides an output integer 
divisor signal that is greater than 1 and less than 8. The 
input frequency is divided by the divisor to generate a 
class D oscillator signal that does not interfere with the 
AM signal. Here the 011 results in a divisor of 3 and the 
input frequency is divided from 1200 kHz to 400 kHz. 
[0035] Those skilled in the art understand that the 
combinational logic circuit can be configured to provided 
different divisors depending upon the range of input fre- 
fluencies. The comparator outputs may be combined 
sj with AND, OR, NOR or XNOR logic gates to achieve 
' practical results. The above example is presented mere- 
ly t o show a simple logic circuit. 
[0036] A method for using the AM local oscillator (LO) 
as a clock source for a class D amplifier is shown ipJEig^ 
ure5^A square wave L0 1 00, along with a low-f requen- 
-preference clock frequency 1 1 0A, serve as inputs to a 
twelve bit counter and latch circuit 1 20. (If the AM tuner's 
LO is not a square wave, those skilled in the art can 
understand that a simple analog circuit can be con- 
structed to convert it to a square wave.) The twelve bit 
counter accumulates pulses from the LO during the pe- 
riod of the much slower reference clock. When the ref- 
erence clock period ends, the most significant eight bits 
of the counter are latched to the output of the module 
120. The least significant four bits of the counter output 
are discarded as they serve only to helpfilterthe counter 
value. 

[0037] The eight bit latched counter value 1 30 serves 
as an input to three digital magnitude comparators 
140-142 . The magnitude comparators compare three 
different reference values 150, 160 : 170 to the latched 
counter value 130. Those skilled in the art understand 
that the magnitude comparators can be made many dif- 
ferent ways, One possible way is to cascade two type 
7485 digital four bit comparators for each eight bit com- 
parator. It is also desirable to have hysteresis built into 
each comparator to prevent noise at boundary condi- 
tions from causing any instability in the comparators' 
140-142 outputs. 

[0038] The reference values 150, 160, and 170 cor- 



respond to frequencies at which the value of N should 
change. The refer ence values are determined based on 
a spec ial algorithm and the ratio of the local oscillato r 
freq uency 100 to the reference clock frequency 11 Q Nl 
s can*be an integer between the values of three and six 
inclusive. Each eight bit magnitude comparator has 
three outputs 180 that indicate whether the reference 
value 150, 160, or 170 is less than, equal to, or greater 
than the latched counter value 1 30. All three compara- 

10 tors' three outputs 1 80 serve as inputs to a filter circuit 
190 which feeds combinational logic 200 that sets a 
three bit value of N 210 based on the comparators 1 fil- 
tered outputs. Those skilled in the art understand that 
the combinational logic block 200 and filter circuit 190 

15 can be designed with many different logic devices in- 
cluding AND, NAND, OR, and NOR gates. a 

[0039] A divide-by-N circuit 220 takes the value of N 
210 and the square wave LO input 100 and divides the 
LO input 100 by N 210. The divided-down LO 230 is the 

20 output from the divide-by-N circuit 210. Those skilled in 
the art understand that the divide-by-N circuit can be 
created in many different ways, including using integrat- 
ed circuit divide-by-N logic devices, other off-the-shelf 
logic products, or gate-level designs. The divided-down 

25 LO 230 is a fixed frequency square wave dependent up- 
on the frequency of the LO 100. The di\dc]edKjojflai-LO 
22 0 is used to control the frequency of an attached class 
D amplifier. ~~ ^ 
[0040] Here is an example of how the circuit and 

30 method works to provide a class D oscillator signal that 
does not interfere with an input AM signal. Assume the 
AM oscillator is at a frequency of 1200 kHz. The 12 bit 
counter 120 counts pulses from the AM local oscillator 
100 over a fixed time period. The most significant eight 

35 bits of the count tally are periodically latched to the out- 
put 130 of the counter and latch 120. Assume that the 
output of the counter and latch 120 is "200." The "200" 
is latched as the eight most significant bits to provide an 
input signal to the three comparators 140, 141, 142. 

40 Each comparator stores or receives a reference 
number, A, B : and C, respectively. The reference num- 
bers correspond to frequency breakpoints for AM sig- 
nals in the 980-2160 kHz range of input local oscillator 
signals. For example, reference A might be "220", ref- 

^5 erence B is "150" and reference C is "100". The compa- 
rators 140-142 output a two bit binary signal represent- 
ative of whether the input is greater than, less than or 
equal to the reference number. For example, the com- 
parators have a binary output of "010" when the input 

50 signal is greater than the reference signal, "001 ■ when 
the input signal is less than the reference signal, and 
"100" when the input equals the reference. 
[0041] The logic circuit 180 converts the binary output 
signals of the comparators into a binary number for di- 
ss viding the input frequency. The differences between the 
reference numbers are chosen to correspond to a de- 
sired range of frequencies. For example, a number 
greater than A may correspond to a frequency above 
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1800 kHz; between A and B may correspond to 
1500-1800 kHz; 1200-1500 corresponds to a number 
between B and C and any number less than C corre- 
sponds to a frequency less than 1200kHz. Such a 
choice establishes the algorithm for selecting the 
number N that divides the AM local oscillator frequency. 
For example, a frequency in the range of less than 
1200kHz will be divided by 3 to keep the resulting 
switching frequency far away from 450 kHz or any har- 
monics thereof. 

[0042] The combinational logic converts the results of 
the comparator signals into a decimal number. Suitable 
logic provides an output integer divisor signal that is 
greater than 1 and less than 8. The input frequency is 
divided by the divisor to generate a class D oscillator 
signal that does not interfere with the AM signal. Here 
the 011 results in a divisor or 3 and the input frequency 
is divided from 1 200 kHz to 400 kHz. 
[0043] Those skilled in the art understand that the 
combinational logic circuit can be configured to provided 
different divisors depending upon the range of input fre- 
quencies. The comparator outputs may be combined 
with AND, OR, NOR or XNOR logic gates to achieve 
practical results. The above example is presented mere- 
ly to show a simple logic circuit. 
[0044] Fi gure 6 s hows an AM radio local oscillator 
(LOT5t§nal 600 that is input to the algorithm. It passes 
through a divide-by-N circuit that divides the frequency 
of the LO by the integer value N where N is between the 
values of 3 and 6 inclusively The divided-down local os- 
cillator 620 is the output from the circuit. Those skilled 
in the art understand that the divide-by-N circuit can be 
created in many different ways, including using integrat- 
ed circuit divide-by-N logic devices, other off-the-shelf 
logic products : or gate-level designs. The divided-down 
LO 620 is a fixed frequency square wave dependent up- 
on the frequency of the LO 600. The divided-down LO 
620 is used to control the frequency of an attached class 
D amplifier. 

[0045] The value of N is determined by twofrequency 
comparator circuits operating as feedback controllers. 
One comparator 630 compares the divided down LO 
with a maximum frequency "ceiling" that has been pre- 
determined based on a desired maximum operating fre- 
quency and the amount of separation between switch- 
ing harmonics and tuned radio stations that the ceiling 
provides.. If the divided down LO frequency is above 
that ceiling, the value of N is increased. By increasing 
N, the frequency of the divided down LO will decrease. 
The ceiling comparator 630 will keep increasing N until 
the divided down LO is at or below the frequency ceiling. 
When the divided down LO falls below the frequency 
ceiling, the ceiling comparator 630 no longer increases 
N. As long as the frequency ceiling is properly chosen, 
N will be at its maximum value of six when the local os- 
cillator is at its maximum frequency of 2260 kHz. The 
frequency ceiling for one particular class D amplifier is 
360 kHz. 360 kHz provides for the best possible switch- 



ing harmonic separation from the tuned radio station 
while keeping switching suitable for at least one partic- 
ular class D amplifier design. 

[0046] The just-described feedback loop only incre- 
5 ments N. If the user of the AM radio is tuning down the 
AM band and there was no mechanism to decrease the 
value of N, the divided-down LO would drop to such a 
low frequency that the attached class D amplifier would 
be switching too slowly for its output filters to adequately 
io remove the switching frequency and its harmonics from 
its output. In addition, N would not be at its correct value 
for avoiding AM radio interference. Therefore, a mech- 
anism for resetting N to its lowest value of three has 
been devised. The feedback loop 640 that resets N runs 
15 in parallel with the ceiling comparator 630 feedback 
loop. 

[0047] The N-reset feedback loop 640 stores a recent 
LO frequency value in a memory such as a digital coun- 
ter. The loop compares the current LO frequency to the 
20 one stored in its memory. If the new frequency is lower 
than the old frequency, the user is tuning the AM radio 
from a i higher to a lower frequency station. Such a 
change will reset N to its lowest value of three. If that 
value of N is then too low for the newly tuned station, 
25 the ceiling comparator will detect that problem and in- 
crease N appropriately 
<r*"*l0048] A method for using the AM local oscillator (LO) 
i as a determinant of clock frequency for a class D ampli- 
fy tier controller is shown in Fipure 7. A square wave LO 
30.^100, along with a low-frequency reference clock 110, 
serve as inputs to a twelve bit counter and latch circuit 
120. (If the AM tuner's LO is not a square wave, those 
skilled in the art understand that a simple circuit can be 
constructed to convert it to a square wave.) The twelve 
35 bit counter accumulates pulses from the LO during the 
period of the much slower reference clock. When the 
reference clock period ends, the most significant eight 
bits of the counter are latched to the output of the module 
120. The least significant four bits of the counter output 
40 are discarded as they serve only to help filter the counter 
value. 

[0049] The eight bit latched counter value 1 30 serves 
as an input to three digital magnitude comparators 
140-142. The magnitude comparators 140-142 com- 

45 pare three different reference values 1 50, 1 60, 1 70 to the 
latched counter value 130. Those skilled in the art un- 
derstand that the magnitude comparators 140-142 can 
be made many different ways. One possible way is to 
cascade two type 7485 digital four bit comparators for 

50 each eight bit comparator 140-142. It is desirable to 
have hysteresis built into each comparator, or use filter- 
ing 1 90 after the counters, to prevent noise at count val- 
ues near window comparator transition points from 
causing any instability in the comparators' 140-142 out- 

55 puts. 

[0050] The reference valu es 1 50, 1 60, and 1 70 corre- 
spond to frequencies at which the controller should tog- 
gle between different oscillator frequencies . The refer- 
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ence values are determined based on a special algo- 
rithm and the ratio of the local oscillator frequency 100 
to the reference clock frequency 110. 
[0051] The logic block 200 is used to determine which 
external oscillator 220 should be activated by electronic 
switch 210. If the output oscillator 220 frequencies are 
correctly picked and the reference frequencies 150 at 
which they are engaged are properly chosen, the result- 
ant output frequency 230 that is driving the class D am- 
plifier will always produce a switching frequency and 
harmonics that avoid the tuned AM radio station. 
[0052] Pulse width modulated ("Class D") amplifiers 
and controllers switching in the 50khz to 2 MHz range 
generate harmonics which interfere with AM radio re- 
ception. This has precluded wide spread acceptance of 
class D amplifiers in products with an AM radio. The am- 
pljjiors described here use a modified modulation tech- 
nique when operating with an AM radio to avoid gener- 
ating harmonics at the receiver selected frequency or 
us miermediate (IF) frequen cy. O ne ei nBogimenT uses 
ei Ikmnonic avoidance modulator. A second embodi- 
ment uses two or more oscillators and tests for the least 
distorted output signal. A third embodiment switches the 
mode of operation to a class AB amplifier when an AM 
signal is amplified. 



Claims 



amplifier for detecting harmonic interference with 
an input AM signal, two or more fixed oscillators, 
and means coupled to the fixed oscillators and to 
the interference detection circuit for selecting one 

s of the oscillators that produces the least interfer- 
ence, and also the means coupled to the compara- 
tor comprises means for detecting an AM input sig- 
nal, means responsive to said AM signal for discon- 
necting the comparator from the driver circuit and 

10 for connecting the input audio signal to the driver 
circuit in order to operate the bridge circuit as a 
class AB amplifier. 

3. A method for avoiding AM radio interference in a 
is lass D amplifier characterized by converting an AM 
signal into a dc signal with a magnitude proportional 
to the frequency of the AM signal; 

comparing the dc signal to one or more refer- 
20 ence signals to generate comparator signals 

representative of whether the dc signal is great- 
er than or less than the reference signals; 
combining the results of the comparator signals 
to generate a frequency divisor number; 
25 dividing the frequency of the AM signal by the 

frequency divisor signal to generate an oscilla- 
tor signal for the class D amplifier, in which pref- 
erably the AM signal is a local oscillator signal. 



1 . A class D amplifier characterized in that an integra- 30 
tor having a plurality of inputs including an audio in- 
put, an audio feedback input, and a digital feedback 
input, a comparator for receiving the output of the 
integrator and generating a series of pulses, each 
pulse corresponding to one of twostates of the com- 35 
parator and having a width proportional to the slope 

of the output of the integrator, a driver circuit for re- 
ceiving the pulse output of the comparator and gen- 
erating gate drive signals proportional in duration to 
the width of the pulses, a bridge circuit comprising 40 
two or more MOSFETS, each MOSFET having its 
gate coupled to one of the gate drive signals, a low 
pass filter coupled to the output of the bridge for 
converting the bridge output into a power signal rep- 
resentative of the audio input signal, and means *s 
coupled to the comparator for eliminating harmon- 
ics of an input AM signal from the output. 

2. A class D amplifier as claimed in claim 1 wherein 

the means coupled to the comparator comprises a so 
harmonic avoidance detection circuit coupled to the 
comparator for detecting the frequency of the input 
AM signal, local oscillator means responsive to the 
harmonic avoidance detection circuit for generating 
a comparator switching signal substantially differ- 55 
ent from the input AM frequency, in which the means 
coupled to the comparator comprises an interfer- 
ence detection circuit coupled to the output of the 



4. A method as claimed in claim 3 wherein the step of 
converting the AM signal to a dc signal includes the 
step of active filtering or passive filtering, with one 
or more reference voltages, and in which the divisor 
is an integer greater than one and less than 8. 

5. A circuit for avoiding AM radio interference in a 
class D amplifier characterized in that means for fil- 
tering an AM signal to convert it into a dc signal with 
a magnitude proportional to the frequency of the AM 
signal, means for comparing the dc signal to one or 
more reference signals to generate comparator sig- 
nals representative of whether the dc signal is 
greater than or less than the reference signals, 
means for logically combining the results of the 
comparator signals to generate a frequency divisor 
number, means for dividing the frequency of the AM 
signal by the frequency divisor signal to generate 
an oscillator signal for the class D amplifier, in which 
the AM signal is a local oscillator signal. 

6. A circuit as claimed in claim 5 wherein the means 
for filtering includes an active or a passive filter, the 
reference signals include one or more reference 
voltages, and in which the means for dividing gen- 
erates an integer divisor greater than one and less 
than 8. 

7] A circuit for avoiding AM radio interference in a 
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class D amplifier characterized in that a filter for 
converting an AM signal to convert it into a dc signal 
with a magnitude proportional to the frequency of 
the AM signal, a plurality of comparators for com- 
paring the dc signal to the reference signals and 5 
generating comparator output signals representa- 
tive of whether the dc signal is greater than or less 
than the reference signals, a combinational logic 
circuit for combining the comparator output signals 
to generate a frequency divisor signal, a divider cir- 10 
cuit for dividing the frequency of the AM signal by 
the frequency divisor signal to generate an oscilla- 
tor signal for the class D amplifier. 

8. A method for avoiding AM radio interference in a 1$ 
class D amplifier characterized by converting an AM 
signal into a binary signal with a magnitude propor- 
tional to the frequency of the AM signal; 

comparing the converted binary signal to one 20 
or more reference binary signals to generate 
comparator signals representative of whether 
the dc signal is greater than or less than or 
equal to the reference binary signals; 
combining the results of the comparator signals 2s 
to generate a frequency divisor number; 
dividing the frequency of the AM signal by the 
frequency divisor signal to generate an oscilla- 
tor signal for the class D amplifier, in which the 
AM signal is a local oscillator signal. 30 

9. A method as claimed in claim 8 including the step 
of filtering the output binary signals of the compa- 
rators, in which there are one or more reference bi- 
nary signals, with the divisor is an integer greater 35 
than one and less than 8. 



than one and less than 8. 

11. A circuit for avoiding AM radio interference in a 
class D amplifier characterized in that 

a counter and latch for receiving an input oscil- 
lator signal and for generating an output binary 
signal proportional to the frequency of the input 
oscillator signal; 

a plurality of comparators for comparing the bi- 
nary signal to reference binary signals and gen- 
erating comparator output signals representa- 
tive of whether the binary signal is greater than 
or less than or equal to the reference binary sig- 
nals; 

a combinational bgic circuit for combining the 
comparator output signals to generate a fre- 
quency divisor signal; 

a divider circuit for dividing the frequency of the 
AM signal by the frequency divisor signal lo 
generate an oscillator signal for the class D am- 
plifier. 

12. A method for avoiding AM radio interference in a 
class D amplifier characterized by dividing the fre- 
quency of the AM signal by an integer divisor signal 
to generate a divided oscillator signal for the class 
D amplifier that does not interfere with the local os- 
cillator signal; comparing the frequency of the divid- 
ed oscillator signal to a reference frequency; chang- 
ing the integer of the divisor signal when the fre- 
quency of the divided signal varies significantly from 
the reference frequency. 

13. A method for avoiding AM radio interference in a 
class D amplifier comprising: 



10. A circuit for avoiding AM radio interference in a 
class D amplifier comprising: 

means for converting an AM signal into a binary 
signal with a magnitude proportional to the fre- 
quency of the AM signal; 
means for comparing the converted binary sig- 
nal to one or more reference binary signals to 
generate comparator signals representative of 
whether the dc signal is greater than or less 
than or equal to the reference binary signals; 
means for combining the results of the compa- 
rator signals to generate a frequency divisor 
number; 

means for dividing the frequency of the AM sig- 
nal by the frequency divisor signal to generate 
an oscillator signal for the class D amplifier, and 
the AM signal is a local oscillator signal, in 
which the reference signals include one or 
more reference binary signals, and the means 
for dividing generates an integer divisor greater 



dividing the frequency of the AM signal by an 
integer divisor signal to generate a divided i os- 

40 cillator signal for the class D amplifier that does 

not interfere with the local oscillator signal; 
comparing the frequency of the divided oscilla- 
tor signal to a reference frequency; comparing 
the frequency of the local oscillator to its most 

45 recent frequency; increasing the integer of the 

divisor signal when the frequency of the divided 
signal is greater than the reference frequency; 
resetting the divisor lo a minimum integer when 
the frequency of the local oscillator is less than 

so the most recent frequency of the local oscillator, 

in which the local oscillator varies over a range 
of 980 kHz to 2260 kHz, and the minimum in- 
teger is 3 and the value of the integer varies 
from 3 to 6 inclusively. 

55 

14. A circuit for avoiding AM radio interference in a 
class D amplifier comprising: 
means for dividing the frequency of the AM signal 
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by an integer divisor signal to generate a divided 
oscillator signal for the class D amplifier that does 
not interfere with the local oscillator signal; means 
for comparing the frequency of the divided oscillator 
signal to a reference frequency; means for compar- 5 
ing the frequency of the local oscillator to its most 
recent frequency; means for increasing the integer 
of the divisor signal when the frequency of the di- 
vided signal is greater than the reference frequen- 
cy; means for resetting the divisor to a minimum in- 10 
teger when the frequency of the local oscillator is 
less than the most recent frequency of the local os- 
cillator in which the local oscillator varies over a 
range of 980 kHz to 2260 kHz, anc the minimum 
integer is 3 and the value of the intecer varies from 15 
3 to 6 inclusively. 

15. A circuit for avoiding AM radio interference in a 
class D amplifier comprising: 

20 

a divide by N circuit for receiving an input local 
oscillator signal and for dividing the frequency 
of the input local oscillator signal by an integer 
to generate a divided oscillator signal for a 
class D amplifier that does not interfere with the 25 
local oscillator signal; a first comparator for 
comparing the frequency of the divided oscilla- 
tor signal to a reference frequency; a second 
comparator for comparing the frequency of the 
local oscillator to its most recent frequency; so 
a adder circuit for increasing the integer of the 
divisor signal when the frequency of the divided 
signal is greater than the reference frequency; 
a reset circuit for resetting the integer divisor to 
a minimum integer when the frequency of the 35 
local oscillator is less than the most recent fre- 
quency of the local oscillator, in which in the lo- 
cal oscillator varies over a range of 980 kHz to 
2260 kHz, and the minimum integer is 3 and the 
value of the integer varies from 3 to 6 inclusive- 40 

■y. 

16. A method for avoiding AM radio interference in a 
class D amplifier comprising: 

45 



binary signals of the comparators, in which 
there are one or more reference binary signals. 

17. A circuit for avoiding AM radio interference in a 
class D amplifier comprising: 

means for converting an AM signal into a binary 
signal with a magnitude proportional to the f re* 
quency of the AM signal; 
means for comparing the converted binary sig- 
nal to one or more reference binary signals to 
generate comparator signals representative of 
whether the dc signal is greater than or less 
than or equal to the reference binary signals; 
means for logically combiningthe outputs of the 
comparators to generate an oscillator selection 
signal; 

means for selecting one of a plurality of oscil- 
lators that corresponds to the oscillator selec- 
tion signal; the AM signal is a local oscillator 
signal; and the reference signals include one or 
more reference binary signals. 

18. A circuit for avoiding AM radio interference in a 
class D amplifier comprising: 

a counter and latch for receiving an input oscil- 
lator signal and for generating an output binary 
signal proportional to the frequency of the input 
oscillator signal; 

a plurality of comparators for comparing the bi- 
nary signal to reference binary signals and gen- 
erating comparator output signals representa- 
tive of whether the binary signal is greater than 
or less than or equal to the reference binary sig- 
nals; 

a combinational logic circuit for combining the 
comparator output signals to generate a fre- 
quency selection signal; 
a plurality of oscillators each a frequency differ- 
ent from the other oscillator and responsive to 
the oscillator selection signal to connect a cor- 
responding oscillator to the output of the avoid- 
ance circuit 
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35 



converting an AM signal into a binary signal 
with a magnitude proportional to the frequency 
of Ihe AM signal; 

comparing the converted binary signal to one 
or more reference binary signals to generate so 
comparator signals representative of whether 
the dc signal is greater than or less than or 
equal to the reference binary signals; 
logically combining the outputs of the compa- 
rators to generate an oscillator selection signal; £5 
selecting one of a plurality of oscillators that 
corresponds to the oscillator selection signal, 
including the further step of filtering the output 
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(57) Pulse width modulated (« Class D ») amplifiers 
and controllers switching in the 50khz to 2 MHz range 
generate harmonics which interfere with AM radio re- 
ception. This has precluded wide spread acceptance of 
class D amplifiers in products with an AM radio. The am- 
plifiers described here use a modified modulation tech- 
nique when operating with an AM radio to avoid gener- 
ating harmonics at the receiver selected frequency or 
its intermediate (IF) frequency. One embodiment 
switches the mode of operation to a class AB amplifier 
when an AM signal is amplified. 

The AM/FM switch 10 sets the mode of operation. 



The AM mode detector block, 1 , generates a logic signal 
depending on the switch. If AM-compatibility modejs en- 
gaged, then the amplifier operates as a class AB ampli- 
fier. The AM logic signal is applied to the two transmis- 
sion gates, 4, so that the class AB amplifier is connected 
directly to the gates of the MOSFETS. Meanwhile, the 
inverted AM signal tri-states both gate drivers. Sensing 
the voltage drop across the two resistors, Rel and Re2, 
provides current limit protection. When AM-compatibility 
mode is not engaged, the amplifier operates as a class 
D amplifier. The.two transmission gates are open dis- 
connecting the class AB from the gates. The inverted 
AM signal enables both gate drivers. 
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